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Among the many problems of heredity yet to be solved, one of

the most important is the determination in numerical values of the

amount of transmission of different characters, which actually oc-

curs. Galton (1897) and Pearson (1900) have given us their

determinations of the theoretical correlation between parents and

offspring, and several investigators have made mathematical deter-

minations of the exact amount of correlation of various characters

occurring between parents and offspring to the second generation.

One of the recent problems of the Department of Agriculture has

been the determination of the size of litter of Poland China and

Duroc Jersey sows, these results being recorded in Circular No. 95,

Bureau of Animal Industry, " The Fecundity of Poland China and

Duroc Jersey Sows," by the senior author of this paper. The

results of this work may be summarized briefly as follows :
" An

undoubted increase is evident and the conclusion is inevitable, that,

contrary to popular opinion, the Poland China breed has increased

in fertility during the past twenty years. . . . The increase shown

. . . (is) .48 per litter " (n. litters 54,515). The average size of lit-

ter in Poland Chinas, as recorded in the " American Poland China

Record " and the " Ohio Poland China Record " for the first five

years examined (1882-6) is 7.04, and for the last five years (1898-

1902) 7.52. The Duroc Jersey records were calculated from the

" National Duroc Jersey Record " for the years 1 888-1902 inclusive

with an average size of litter for the years 1 893-1 902 of 9.26 (n.

litters 21,652). These records show no measurable change in size

of litter for the period covered.

With these data at hand, it seemed desirable to continue the work

to determine how far this character, size of litter, is inherited. The

determination of the inheritance of fertility, fecundity, or number
245
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of offspring born at one time, is a most valuable point, both from

the standpoint of practical breeding and from that of theoretical

consideration. Up to the present time, statistics on the inheritance

of number of offspring in mammals is represented only by the work

of Pearson, Lee, and Bramley-Moore (1899),
1 on man and thorough-

bred race horses. In this work, it was found that fertility (total

number of offspring) is inherited. By limiting the duration of

marriage to fifteen years or more, the correlation of fertility in man

was found to be larger than when no such limitation was made, a

result which is in itself obvious. In the work on thoroughbred race

horses the same method was employed making limitations according

to number of coverings. In the work reported in this paper the

total number of offspring born at one time is the only problem

considered, and the length of the breeding period of parents does

not effect the results except in the way shown, that the correlation

decreases with the age of the sow.

In a recent paper by Castle and others (1906), this problem is

taken up in Drosophila ampelophila, Low. The results of this work

show that there is " an unmistakable tendency for the larger parental

brood to produce larger filial broods, but not so much larger as the

difference in the parental brood would lead us to expect."

The method of work for the original problem is described by

Rommel (1906) as follows:

" The Poland China records generally publish the registration of hogs accord-

ing to the following plan or modifications of it:

Magnet's Model 2d, 135786.

Farrowed March 28, 1902. Litter, 7; raised —boars, o; sows, 4.

Black with white points

Bred and owned by W. C. Williams and Gardner, Bryant, Jay County, Ind.

Sire: Tecumseh Magnet, 46925; he by Nelson's Magnet, 35535, and out of

Miss Rosa, 75542.

Dam: Gardner's Model, 122578. by Invincible Chief, 43377, etc.

" This is the registration of a sow on page 282 of volume 26 of the ' Ohio

Poland China Record.'

"For each hog registered a card (size about 2 by 4% inches) was written

according to the following plan:

Name and number of dam.

'Mathematical Contributions, etc., VI, "Genetic (Reproductive) Selec-

tion: in heri t ance of Fertility in Man. and of Fecundity in Thoroughbred

Race Home." Phil Trmu., A, CXCII, 257
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Date progeny was farrowed. Number of pigs in litter; boars raised, sows

raised; total raised.

Volume and page reference.

" The above litter would therefore appear on its card as follows

:
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rowed was recorded. The date of farrowing of the dam was

also recorded so that a card similar to the one illustrated above

for the " American Poland China Record " for 1902 would

now read:

U. S. Bell, 195,564-
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terms and the method used in the determination, the reader is re-

ferred to the above-mentioned book by Dr. Davenport.

For the general reader, who may not be familiar with the ap-

proved methods of such work, it may be stated that the standard

deviation (<r) is a relative measure, expressed in terms of the mean,

of the concentration about the mean or average, and therefore is an

excellent measure of the amount of variation. If the standard

deviation (<r) is divided by the average (A), the result is the coeffi-

cient of variation (C) which expresses in percents the amount of

variation of any group of individuals for the character under con-

sideration. A large coefficient of variation indicates therefore that

the individuals are not closely grouped about the average in the

character measured, and consequently that the character is highly

variable one and vice versa. The use of an assumed integral mean

and then the correction of that mean by the subtraction of the

product of the two differences between the assumed and real means

(

—

v'v" in formula) is merely for the sake of avoiding long frac-

tions and has no effect on the general result. The formula

Jits' x"

Ho a

represents the true formula for calculating correlations, but by the

use of the first formula given, we get an identical result with very

much less labor. In this formula, of course, x' and x" are the

deviations from the true mean of the subject and relative classes

respectively.

The probable error (E) describes the probable limits above and

below the calculated value within which the true value lies, —the

absolute value being capable of determination only by an examina-

tion of an infinite number of cases. Thus r = .0601 ± .0086

indicates that the coefficient of correlation probably lies between

.0687 and .0515. The probable error for r is found from the formula

0.6745 (1—r 2
)Er= -=

VII

for a from the formula
rr

Ea = O.6745
V2»
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and for

a
A is 0.6745 —=r

V»

TABLE I.

—

Correlation of Size of Litters of Yearling Sows to Size of

Litters in which Dams were Farrowed. —" American Poland
China Record." —Litters of 1902.

T3 Size of Litters of Yearling Sows.
<u

I 123 4 5 6 7 8 9 10 11 12 13 14 15 16 17

£ 1 o£2 2211 1 7£3421234221 21

I 4 3 5 22 20 10 4 6 70
* 5 1 4 15 26 28 24 is 561 125

E 6 1 3 21 34 65 81 43 18 7 2 275

^ 7 1 4 4 27 47 89 89 62 31 12 2 368

^ 8 1 1 10 31 65 67 81 61 34 12 3 1 1 368

.J
9 1 5 21 S3 76 87 67 35 14 10 1 1 371

•f 10 1 1 4 14 16 38 48 36 23 6 6 193

c 11 2 2 8 20 21 22 22 13 7 4 121

'^12 1 1 4 7 15 12 8 4 1 2 1 56
« 13 3 2 4 6 1 5 1 1 23

•^ 14 123211 10

^ IS 1 1

o 16 o

J 17 I 1

c/3 3 16 41 152 299 431 463 327 172 70 30 3 3 o 2010

TABLE II.

—

Correlation of Size of Litters of Two- Year-Old Sows to

Size of Litters in which Dams were Farrowed. "American
Poland China Record." —Litters of 1902.

•s
E
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TABLE III.

—

Correlation of Size of Litters of Three- Year-Old Sows to

Size of Litters in which Dams were Farrowed. "American
Poland China Record." —Litters of 1002.

Size of Litters of Three-Year-Old Sows.
•d

I 12345 6 7 8 9 10 11 12 13 14 15 16 17

u ! °£2 I I I I 4

v 3II2I24S I I 18

« 41 23697621 37

5 1 1 S 11 17 IS 22 16 4 3 3 1 99

g 6 1 1 3 5 14 27 37 29 35 14 12 3 181

Q
,£j
u

J

7 1 2 9 19 25 50 48 31 34 12 4 2 237

81 S 3 13 31 40 47 35 22 18 2 3 II 222

9 3 8 17 33 30 31 24 8 2 3 2 161

10 1 3 6 11 16 25 24 17 4 ill no
11 4 5 5 14 13 12 6 4 3 1 67
12 1 231245 18

13 1 1

14 1 I

15

o 16 I I

8 17 o

i/5 4 4 15 30 80 141 217 230 200 131 68 18 12 3 2 1 1 1 157

TABLE IV.

—

Correlation of Size of Litters of Four- Year-Old Sows to

Size of Litters in which Dams were Farrowed. " American
Poland China Record." —Litters of 1902.

Size of Litters of Four- Year-Old Sows.

234567 8 9 10 11 12 13 14 15

1 1 2

1 1 2

1 1 1 2 1 3 9
1 2554322 24235611872 1 45

2 6 7 13 18 8 17 3 2 1 1 78
1 2 6 13 22 24 32 16 4 2 1 123

1 3 5 10 15 23 26 24 6 6 1 1 1 122

1 1 3 8 9 18 18 15 20 10 1 2 3 109

1 4 5 5 10 8 11 3 1 482251561521 3012 1 2 3 1 10

1 1 2

1 1 2

o

Z o 2 3 16 36 60 87 118 111 107 36 16 5 8 1 606
N

c/2

?
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TABLE V.

—

Correlation of Size of Litters of Five- Year-Old Sows to

Size of Litters in which Dams were Farrowed. " American
Poland China Record." —Litters of 1002.

Size of Litters of Five- Year-Old Sows.

34 5 6 7 8 9 10 11 12 13 14 15

o

1 1

4
1 11

27

54
66

53

54
27

13

5

8

2

o
o 3 1 7 15 32 48 64 61 43 28 12 7 3 1 325

N
c/5

TABLE VI.

—

Correlation of Size of Litters of Sows One to Five Years
Old to Size of Litters in which Dams were Farrowed. " American

Poland China Record." —Litters of 1902.

•o Size of Litters of Sows One to Five Years Old.

&
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TABLE VII.

—

Correlation in Size of Litter of Poland China Sows
between Mother and Daughter. —" American Poland China Record."

Age of Daughters.
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The decrease from .1088 to practically zero (.0032) from the

first to the fifth year does not necessarily mean that the inheritance

of fecundity is lost as a sow grows older, but probably indicates that

inheritance from the first dam gradually plays relatively less and

less of a part in the determination. So many other factors, body

strength, maturity, and functional habit, can influence this, that the

inherited tendency seems to lose its influence. The average for five

years (.06) is, however, large enough to be of value to the breeder,

and with the large numbers here used (6145) the probable error is

small (.0086), and our results more nearly a true statement of the

conditions of inheritance.

The authors wish to acknowledge courtesies shown in the prepa-

ration of this paper by Dr. C. B. Davenport and Mr. F. E. Lutz

of the Station for Experimental Evolution of the Carnegie In-

stitution.
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